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Introduction

Number of post-operative complications after endocranial surgeries directed to the supratentorial basal cisterns and the skull base regions are related to venous sacrifices on approaches. Complications range from brain swelling to haemorrhagic venous infarction. These complications are probably under-estimated.

Rate of occurrence is difficult to quantify because harmful events like oedematous reaction to aggression on brain parenchyma, ischemia from arterial sacrifice... may be confounding factors [START_REF] Cheng | Complications after obliteration of the superior petrosal vein: Are they rare or just underreported?[END_REF][START_REF] Nakase | Clinical features of postoperative cerebral venous infarction[END_REF][START_REF] Wangaryattawanich | Contrast-enhanced Reformatted MR Images for Preoperative Assessment of the Bridging Veins of the Skull Base[END_REF][START_REF] Kageyama | Cerebral vein disorders and postoperative brain damage associated with the pterional approach in aneurysm surgery[END_REF][START_REF] Nagata | Analysis of venous drainage from sylvian veins in clinoidal meningiomas[END_REF][START_REF] Elhammady | Cerebral veins: to sacrifice or not to sacrifice, that is the question[END_REF][START_REF] Al-Mefty | The dangerous veins[END_REF][START_REF] Jang | Predictive factors related to symptomatic venous infarction after meningioma surgery[END_REF] .

Venous drainages are very variable between patients, so that individual examination of pre-operative imaging is of paramount importance to reduce morbidity related to venous sacrifices. The superficial venous drainages of the cerebral hemispheres can be individualized into three major groups that will be described in a following section [START_REF] Oka | Microsurgical anatomy of the superficial veins of the cerebrum[END_REF][START_REF] Yaşargil | Microsurgical Anatomy of the Basal Cisterns and Vessels of the Brain, Diagnostic Studies, General Operative Techniques and Pathological Considerations of the Intracranial Aneurysms: 27 Tables[END_REF][START_REF] Rhoton | The cerebrum[END_REF][START_REF] Hakuba | International Workshop on Surgery of the Intracranial Venous System[END_REF] .

To help the surgeon to identify the most important "veins in danger", the senior author developed a topogram with clear-cut landmarks to delineate the various venous drainages of the supratentorial region. Of course such topogram does not allow to estimate their respective flow. Aim was simply to ease reading of the images of the venous phases of the digital substraction angiography (DSA) or the magnetic resonance imaging (MRI). This topogram was established within the course of the first years of practice and then systematically applied in an overall population of 1700 surgical patients. The construction of this topogram is the matter of this article.

Summarized description of the supratentorial superficial venous drainages.

Briefly described, the venous drainage of the brain hemispheres entails two components: the superficial and the deep systems. The deep system will not be considered because it was not encountered during approaches of the skull base and the basal cisterns. The superficial system, which drains the cortical surface with a multitude of veins, can be divided in three groups depending on destination of veins (Figure 1).

The first group is the midline afferent group; it drains into the superior sagittal sinus. It includes the vein of Trolard (or superior anastomotic vein) which links the vein of the sylvian fissure to the superior sagittal sinus. This anastomotic vein is more frequently located in the post-central region. The central and posterior parts of the midline group are of major importance during interhemispheric approaches, but because they are posterior to the bregma, they are beyond the scope of this article. The frontal group, which is the anterior part of this system and located anteriorly to the bregma, can be at risk during the basal approaches of the anterior cerebral fossa.

The sphenoid group regroups the veins coming from the sylvian fissure that drain into the sphenoparietal sinus and then the cavernous sinus. These veins are encountered during the pterional approaches [START_REF] Ohnishi | Preservation of the superficial sylvian vein in the approach of skull base lesions[END_REF] .

The tentorial group is composed of the inferior cerebral veins, which drain the basal occipital and temporal lobes into the transverse and/or the superior petrosal sinus. This group includes the vein of Labbé (or inferior anastomotic vein) which links the superficial sylvian vein and the transverse sinus. The inferior cerebral veins are at risk during temporal lobe surgery and subtemporal approaches [START_REF] Wangaryattawanich | Contrast-enhanced Reformatted MR Images for Preoperative Assessment of the Bridging Veins of the Skull Base[END_REF][START_REF] Al-Mefty | The dangerous veins[END_REF][START_REF] Oka | Microsurgical anatomy of the superficial veins of the cerebrum[END_REF][START_REF] Yaşargil | Microsurgical Anatomy of the Basal Cisterns and Vessels of the Brain, Diagnostic Studies, General Operative Techniques and Pathological Considerations of the Intracranial Aneurysms: 27 Tables[END_REF][START_REF] Rhoton | The cerebrum[END_REF][START_REF] Hakuba | International Workshop on Surgery of the Intracranial Venous System[END_REF][START_REF] Sindou | The intracranial venous system as a neurosurgeon's perspective[END_REF][START_REF] Sindou | Neurosurgery and the intracranial venous system[END_REF][START_REF] Ohnishi | Preservation of the vein of Labbé in the approach of skull-Base lesions[END_REF] .

The drainage of the posterior part of the hemisphere and infratentorial drainage was not considered in this case. Reflexion about the preservation of veins in these areas was already extensively described [START_REF] Matsushima | Microsurgical anatomy of the veins of the posterior fossa[END_REF] .

Method to build the venous topogram and to define the various types of venous drainages

Pre-operative work-up from imagery

Construction of the topogram needs to have well-defined images of the venous phases of digital substraction angiography or venous angiography MRI. Images should be used in the sagittal plan. For MRI different sequences can be used with or without contrast injection based on time of flight or phase contrast imaging [START_REF] Loubeyre | Three-dimensional phase contrast MR cerebral venography with zero filling interpolation in the slice encoding direction[END_REF][START_REF] Lövblad | Fast contrast-enhanced MR whole-brain venography[END_REF] . Care must be taken to reconstruct only the hemispheric region of interest for MRI images. Computed tomography venography can be used in the same way.

How to build the topogram (Figure 2)

The interventricular venous confluent (IVC), which corresponds to the interventricular foramen of Monro, has been chosen as the referent landmark of the topogram because of its fixed anatomical structures. The IVC is formed by the confluence of the septal vein and the thalamo-striate vein to give the internal cerebral vein. (Figure 2B) From this reference point, three triangles can be constructed to define the three groups of the draining veins and evaluate their dominance. (Figure 2C and2D)

The first triangle, named the anterior triangle, defines the group of the frontal veins. It is constructed between the Bregma (B), the IVC and the anterior limit of the anterior cerebral fossa (A).

The second triangle, named the middle triangle, defines the group of the sylvian veins. It is constructed between the anterior limit of the anterior cerebral fossa (A), the IVC and the jugular foramen (J).

The third triangle, named the inferior triangle, defines the group of the inferior cerebral veins. It is constructed between the jugular foramen (J), the IVC and the torcular (T) [START_REF] Sindou | The intracranial venous system as a neurosurgeon's perspective[END_REF] .

How to use the topogram.

When the triangles have been defined, the various venous groups inscribed within each triangle are studied to search for a predominance of one group among the others. Four situations can be depicted, with implications for endocranial anterior skull base and basal cistern surgery.

The first one is anterior frontal venous predominance, as seen in the anterior triangle (Figure 3).

The second situation is the sylvian venous system predominance, draining to the spheno-parietal sinus and the cavernous sinus, as seen in the middle triangle (Figure 4).

The third situation is a predominance of the inferior cerebral venous system draining into the transverse sinus, as seen in the inferior triangle (Figure 5).

The fourth situation corresponds to an equilibrated system in which all the triangles contain approximately the same amount of veins (Figure 1).

Examples of practical applications

Defining the type of the venous drainage has important implications in vast domains of intracranial neurosurgery, namely for endocranial skull base tumors, vascular malformations located in the basal cisterns, resections for temporal lobe epilepsy, etc.

The practical implications can be summarized as follows.

Presence of a predominant fronto-basal drainage toward the anterior third of the superior sagittal sinus should favour a more lateralized subfrontal trajectory rather than an interhemispheric approach (Figure 3).

Presence of a dominant drainage of the sylvian territory toward the cavernous sinus via the spheno-parietal sinus (Figure 4) would incite to shift the classical pterional approach toward a more sub-frontal trajectory (Figure 6)

An abundant inferior cerebral venous system, especially if a voluminous Labbe vein exists, should lead to avoid retraction of the temporal lobe due to the risk of its avulsion and therefore hemispheric cerebral venous infarction (Figure 5) Figure 6 illustrates different eventualities of the potential danger encountered in the classical pterional approach. It is worthy to note that the existence of a big superior anastomotic vein, the so-called Trolard vein, which connects the sylvian venous system to the superior sagittal sinus, constitutes a certain safety that could lower the danger of passing via the pterional approach (Figure 6D).

Discussion

The proposed topogram does not pretend to bring anything new to the imaging arsenal. Most neurosurgeons are aware of the importance of veins and have their own ways for surgical planning [START_REF] Nagata | Analysis of venous drainage from sylvian veins in clinoidal meningiomas[END_REF] . However, a codified inventory of the various intracranial drainages is not always of current practice.

This topogram that we systematically used over a long period of time revealed helpful to our neurosurgical practice. To build it, it encouraged to ask imaging department to add a detailed venous exploration to the pre-operative work-up. Of course, this motivated the surgical team to pay attention to the individual cerebral venous drainages and consequently helped to design tailored approach in term of avoidance of venous sacrifices. It is a simple tool which can be used for all supratentorial endocranial skull base and cisternal lesions.

Although most examples in this article were from DSA imaging, the topogram can be built from MRI (Figure 7), if a sagittal reconstruction of only one hemisphere is done [START_REF] Ayanzen | Cerebral MR venography: normal anatomy and potential diagnostic pitfalls[END_REF][START_REF] Liauw | MR angiography of the intracranial venous system[END_REF][START_REF] Bi | Utility of dynamic computed tomography angiography in the preoperative evaluation of skull base tumors[END_REF][START_REF] Bozzao | Role of contrast-enhanced MR venography in the preoperative evaluation of parasagittal meningiomas[END_REF] . Computed tomography in venous phases and 3D reconstruction can also be used.

The objective of the article was not to describe specific imaging technic but to illustrate the interest and the way to evaluate venous drainages. Specific types of sequences according to the neuroradiologist in function of local resources can be used to allow a good visualisation of small vein [START_REF] Lee | Preoperative evaluation of venous systems with 3dimensional contrast-enhanced magnetic resonance venography in brain tumors: comparison with time-of-flight magnetic resonance venography and digital subtraction angiography[END_REF] .

An important limitation of the topogram is that estimation of the predominance of a drainage over the other ones is established from visual observation and is not based on objective quantification of flow of the draining veins. Information provided by the topogram is only morphological and not physiological, and does not substitute to the important hemodynamic information given by DSA. However, we think, from our experience, that morphological images constitute an anatomical basis solid enough on practical level to contribute to plane tailored surgery. .Also of course, adjuvant intraoperative technics as temporary clamping of major draining veins can help the decision of making a venous sacrifice(s). Recently, Ferroli and colleagues have developed per-operative evaluation of a temporary venous clipping with analysis with indocyanine green angiography [START_REF] Acerbi | Use of ICG videoangiography and FLOW 800 analysis to identify the patient-specific venous circulation and predict the effect of venous sacrifice: a retrospective study of 172 patients[END_REF][START_REF] Acerbi | The role of indocyanine green videoangiography with FLOW 800 analysis for the surgical management of central nervous system tumors: an update[END_REF][START_REF] Ferroli | Venous sacrifice in neurosurgery: new insights from venous indocyanine green videoangiography[END_REF][START_REF] Ferroli | Indocyanine green (ICG) temporary clipping test to assess collateral circulation before venous sacrifice[END_REF] . But this does not exclude the occurrence of complication so that preservation of veins is highly recommended [START_REF] Zhong | Management of petrosal veins during microvascular decompression for trigeminal neuralgia[END_REF] .

In conclusion, the proposed topogram, although not able to evaluate precisely the real flow of each of the supratentorial draining veins, may help to plan tailored approaches for skull base and basal cistern surgery. Such a topogram does not replace the dynamic evaluation of the intracranial venous circulation that imaging, especially DSA, permits. However, topogram, as a complement to vascular imaging, revealed a simple and useful tool to design intracranial approaches in current practice. 6) and the thalamo-striate vein (4), and also the caudate vein (5) in this case, to form the internal cerebral vein (3). The discontinued white line corresponds to the straight sinus. Note the basilar vein of Rosenthal (2) and the vein of Galen (1).

Figure captions

Figures 2C represents the landmarks used to construct the topogram: the bregma (B), the anterior limit of the anterior cerebral fossa (A), the jugular foramen (J) and the torcular (T).

Figure 2D shows the different triangles: the Anterior triangle (Ant) between the bregma (B), the IVC and the anterior limit of the anterior cerebral fossa (A); the Middle triangle (Mid) between the anterior limit of the anterior cerebral fossa (A), the IVC and the jugular foramen (J), and the Inferior triangle (Inf) between the jugular foramen (J), the IVC and the torcular (T). Such venous pattern constitutes a potential danger for pterional approach. Figure 6B, which corresponds to the venous phase of right carotid DSA, with construction of the three triangles, shows that the middle triangle is free from predominant venous drainages susceptible to be obstacle for a "classical" pterional transylvian approach. This case is an illustrative example of an equilibrated system.

Figure 7B shows the construction of a topogram in the left hemisphere from a venous MRI. This case is an illustrative example of a sylvian and inferior venous drainage predominance.

For these two examples, a 3D venous MRI sequences with gadolinium injection was used.

The images were reconstructed by excluding venous drainage of contralateral hemisphere.
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